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(54) Optical pressure sensor and measuring device provided with such a pressure sensor 



(57) Optical pressure sensor with a chamber con- 
taining a housing (1) and a membrane (3) provided 
therein, characterised in that it contains an optical fibre 
with what is called a 'Bragg grating' (5). i.e. a fibre part 



in whose core are formed reflecting surfaces, which op- 
tical fibre (4) is fixed in such a manner between the 
membrane (3) and the housing (1) that its length will 
change as the membrane (3) is deformed. 
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Description 

[0001] The present invention concerns an optical 
pressure sensor containing a housing and a membrane 
provided therein. 

[0002] Such ah optical pressure sensor Is described 
in BE-A-1. 004.056. 

[0003] Two closed pressure chambers are separated 
from one another by means of a membrane In which has 
been worked a small mirror element. A glass fibre opens 
opposite to the mirroring surface of the mirror element 
in one of the chambers. As a result of a change of pres- 
sure in one of the chanribers. the membrane will deform 
and thus move the mirror element, so that the reflected 
light Is modulated. 

[0004] The pressure sensor also contains a reference 
sensor element consisting of a long, curled-up glass fi- 
bre. 

[0005] Both glass fibres are connected to a fibre net- 
work by means of a coupler and are thus connected to 
a control unit. 

[0006] A light signal which is sent via the network is 
reflected both by the reference sensor element and the 
mirror element, and the control unit will determine what 
pressure is exerted on the membrane based on the dif- 
ference in retardation of the reflected light signal. 
[0007] As this pressure sensor contains a reference 
sensor element, It is relatively expensive and sizeable. 
Moreover, it has to be connected to a coupler, so that a 
measuring device equipped with one or several of such 
sensors is relatively expensive. 

[0008] The invention aims an optical pressure sensor 
which avoids this disadvantage and which is relatively 
simple and inexpensive and which can be easily imple- 
mented in a measuring device. 
[0009] This aim is reached according to the invention 
in that the pressure sensor contains an optical fibre with 
what is called a 'Bragg grating', i.e. a fibre part in whose 
core are formed reflecting surfaces, which optical fibre 
is fixed in such a manner between the membrane and 
the housing that its length will change as the membrane 
is deformed. 

[0010] Such optical fibres with a 'Bragg grating' are 
obtained by locally doping their cores with specific metal 
ions and subsequently irradiating them with a multidi- 
mensional UV-pattem, so that reflecting surfaces are 
formed in the core. Every pattern coincides with a cer- 
tain wavelength band whereby part of the light is spec- 
trally reflected on these surfaces and part of the light is 
transmitted (transmissive light). With a spectrum analy- 
sis instrument, this spectral displacement can be easily 
measured in both directions, and said optical fibre can 
in principle be interrogated on both ends. 
[001 1] This principle is already applied for measuring 
deformations resulting from forces, whereby a glass fi- 
bre is worked with a Bragg grating in a strain gauge. In 
fact, the Bragg grating is an optical strain gauge. 
[0012] In the pressure sensor according to the inven- 



tion, the specific spectrum pattern of the Bragg grating 
changes as a function of the pressure. 
[001 3] This optical fibre with a Bragg grating extends 
past its attachment to the housing, outside this housing, 
s and may possibly be connected to a conventional optical 
fibre. 

[001 4] This optical fibre is connected to a light source 

and to a spectral examination unit. 

[001 5] Depending on the direction of deflection of the 

10 membrane in relatbn to the fibre with the Bragg grating, 
this fibre must be either or not prestressed for the de- 
flection to cause a change in the fibre's length. 
[0016] The housing can be connected to a pressure 
chamber which opens on the outside of the housing into 

IS the membrane, in which case the optical fibre with the 
Bragg grating in the housing, at an equal pressure in the 
pressure chamber and in the housing, is prestressed. 
[0017] However, the housing may also be closed 
pressure-tight and form a pressure chamber, in which 

20 case the optical fibre with the Bragg grating is either or 
not prestressed. 

[001 8] According to a particular embodiment, the op- 
tical fibre with a Bragg grating contains a second Bragg 
grating with another spectral reflection pattem for meas- 
25 uring the temperature, or it is coupled in series to a sec- 
ond optical fibre with a Bragg grating having another 
spectral reflection pattem for measuring the tempera- 
ture. 

[001 9] The invention also concerns a pressure meas- 
30 uring device provided with a pressure sensor according 
to any of the preceding embodiments, whereby the de- 
vice contains a light source and a spectral examinatton 
unit, which are both connected to the optical fibre of the 
pressure sensor by means of optical fibres. 
35 [0020] In order to better explain the characteristics of 
the invention, the foltowing preferred embodiment of a 
pressure sensor according to the invention and of a 
pressure measuring device provided with such a pres- 
sure sensor, is described as an example only without 
40 being limitative in any way, with reference to the accom- 
panying drawings, in which: 

figure 1 schismatically represents a pressure meas- 
uring device which is provided with a pressure sen- 
4S SOT according to the invention; 

figures 2 and 3 schematically represent pressure 
sensors analogous to that in figure 1 , but with ref- 
erence to other embodiments of the invention. 

so [0021] The pressure sensor represented in figure 1 
mainly consists of a longitudinal housing 1 of which one 
end is connected to a pressure chamber 2, whereby a 
deformable membrane 3 is provided at this end in the 
housing 1 , and an optical glass fibre 4 is stretched be- 
55 tween this membrane 3 and the opposite end of the 
housing 1 . 

[0022] The glass fibre 4 witii a length of for example 
five to ten cm contains what Is called a Bragg grating 5 



so 
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3 

inside the housing 1 , i.e. a small piece having a length 
of for example some five mm. there where its core con- 
tains small mirroring surfaces which are obtained thanks 
to doping with specific UV-sensitive ions, followed by ra- 
diation with UV-light according to a specific pattern. 
[0023] The membrane 3 is disc -shaped and is for ex- 
ample made of rubber, and it is situated opposite to an 
opening 6 which is provided in a wall 7 forming the par- 
tition between the pressure chamber 2 and the space 8 
inside the housing 1. 

[0024] The membrane 3 is fixed to the wall 7 such that 
it can be replaced, for example by means of screws, or 
directly to the housing 1 as it is provided with screw 
thread on its perimeter and is screwed in the tubular 
jacket 9 of the housing 1 . 

[0025] The end of the housing 1 situated opposite to 
the membrane 3 consists of a removable lid 10 with 
openings 11 which is screwed on the above-mentioned 
tubular jacket 9. 

[0026] The pressure chamber 2 is provided with an 
entry 12 opposite to the opening 6 in which can be 
screwed a tube or pipe which, save for the opening 6 
and the entry 12, connects this entirely pressure-tight 
closed pressure chamber 2 to the space in which pre- 
vails the pressure to be measured, so that this pressure 
to be measured also prevails in the pressure chamber 2. 
[0027] The glass fibre 4 is fixed to the membrane 3 by 
means of a small metal bush 13 which is fixed, for ex- 
ample glued, to the membrane 3 and in which is fixed 
one end of the glass fibre 4, for example by means of 
gluing and preferably also by means of clamping. 
[0028] On the opposite end of the space 8, the second 
glass fibre 4 is fixed in an analogous manner in a second 
metal bush 14 which is fixed in the lid 10, for example 
screwed to it. 

[0029] The length of the glass fibre 4 between the 
bushes 13 and 14 is such that this glass fibre 4 is pre- 
stressed and thus slightly elongated. 
[0030] The glass fibre 4 stretches through the bush 
14 outside the housing 1 and is connected to a broad- 
band light source 18, for example an Er-doped fibre 
source with a frequency width of 40 nm, and to a spectral 
examination unit 19, for example an optical spectrum 
analyser, a Fabry-P6rot cavity tuner, an optical discrim- 
inator or such, by means of a photo coupling 1 5 and two 
optical fibres 16 and 17 respectively 
[0031 ] The examination unit 1 9 is connected to a com- 
puter 23 onto which is coupled a screen 24 by means 
of an optical fibre 20 via an amplifier 21 and an interface 
22. 

[0032] To the coupling 1 5 is also connected an optbal 
fibre 25 in which are provided one or several reference 
Bragg gratings. 

[0033] The above-described pressure measuring de- 
vice and the optical pressure sensor work as follows. 
[0034] The pressure chamber 2 is connected to the 
space in which the pressure to be measured prevails by 
means of a tube or such, so that this pressure also pre- 



vails in the pressure chamber 2. 
[0035] Since the space 8 is at atmospheric pressure, 
the membrane 3 onto whteh the pressure in the pressure 
chamber 2 acts via the opening 6, will be deformed and 
will be pressed inskje the space 8. whereby this defor- 
mation increases as the pressure increases. 
[0036] As a result of the def omriation of the membrane 
3, the length of the part of the glass fibre 4 which is sit- 
uated between the bushes 1 3 and 1 4, i.e. the stretched 
part, will decrease, so that the Bragg grating 5 is modi- 
fied. 

[0037] Consequently, the wave length of the light 
which is sent through the light source to the Bragg grat- 
ing 5 via the optical fibre 16 and which is reflected by 
this Bragg grating 5 to the spectral examination unit 19 
via the optical fibre 17, will have another wave length 
pattern. 

[0038] This wave length or spectrum pattern modifi- 
cation is then detected by the spectral examination unit 
19 which can derive the pressure on the basis thereof, 
and which sends its findings to the computer 23 via the 
amplifier 21 and the interface 22, which can represent 
the result on the screen 24. 

[0039] At every measurement, the measuring device 
can be calibrated by detecting the spectrum pattern of 
the light which is reflected by the reference Bragg grat- 
ing in the optica! fibre 25 by means of the spectral ex- 
amination unit 19. 

[0040] The embodiment represented in figure 2 differs 
from the above-described embodiment in that the mem- 
brane 3, which in this case forms the entire pressure 
chamber 2, has another design, but in partk^ular in that 
the housing 1 has an extension 26 through which the 
optical glass fibre 4 extends loosely and thus without 
tension, and in which is provided a second Bragg grating 
27 for the temperature measurement, made according 
to another pattern and which thus reflects another fre- 
quency of the light. 

[0041] The lid of the housing 1 in this case cannot be 
removed and may possibly be replaced by one or sev- 
eral arms. Such a lid 28 is provided on the end of the 
extension 26; however, removed from the housing 1. 
The glass fibre 4 extends loosely through a bush 29 
which protrudes through the middle of said lid 28. 
[0042] The membrane 3 forms an end wall of the 
housing 1 which is screwed in the jacket 9 and simulta- 
neously forms the walls of the pressure chamber 2. 
[0043] The membrane 3 contains the opening 6 in 
which, as the membrane 3 is somewhat elastic, a pipe 
can be clamped free from leakage. 
[0044] On the inside of the space 8, the membrane 3 
has a central protrusion 24 onto which the bush 1 3 can 
be fixed by means of a nut 31 whnh is screwed on said 
protrusion 30. 

[0045] The working is as described above, with this 
difference that the spectral examination unit 1 9 can also 
measure the temperature thanks to the second Bragg 
grating 27, and thus the deviation created during the 
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pressure measurement due to Influences of tempera- 
ture on the first Bragg grating 5 can be compensated. 
[0046] For, the glass fibre 4 varies slightly in length as 
a function of the temperature, which means that also the 
wave lengths of the reflected light and thus the meas- 
urement are influenced by the temperature. 
[0047] The embodiment represented in figure 3 differs 
from the embodiment in figure 1 in that the space 8 itself 
is the pressure chamber, so that the pressure chamber 
2, including the wall 7 are omitted, whereas the entry 1 2 
is provided in the jacket 9 and thus opens directly in the 
space 8, while the lid 10 is closed. 
[0048] Thus, the space 8 is a closed space. 
[0049] The working is analogous to the working of the 
embodiment according to figure 1 . with this difference 
that in case of an increase of pressure, the membrane 
3 will bend outwards and the glass fibre 4 will thus in- 
crease in length. 

[0050] Hence, the glass fibre 4 must not be pre- 
stressed when there is no overpressure in the space 8. 
[0051] The above-described pressure sensors and 
measuring devices ar;e simple and relatively inexpen- 
sive to build, and nevertheless allow for a fast and ac- 
curate pressure measurement, possibly with tempera- 
ture compensation. 

[0052] Since not only the wave length pattern of the 
reflection, but also that of the transmission changes as 
a result of a modification of a Bragg grating, the spectral 
examination unit 19 can subject the transmitted light to 
a spectral examination instead of the reflected light. In 
this case, the light source 18 and the spectral examina- 
tion unit 1 9 are erected on either side of the Bragg grat- 
ing 5 and/or 21 in the measuring device, and the above- 
described pressure sensor is situated for example be- 
tween the light source 18 and the spectral examination 
unit 19. 

[0053] The invention is by no means limited to the 
above-described embodiments represented in the ac- 
companying drawings; on the contrary, such optfcal 
pressure sensors and pressure measuring devices can 
be made in all sorts of variants while still remaining with- 
in the scope of the invention as defined in the following 
claims. 



Claims 

1 . Optical pressure sensor with a chamber containing 
a housing (1 ) and a membrane (3) provkled therein, 
characterised in that rt contains an optical fibre with 
what Is called a 'Bragg grating' (5), i.e. a fibre part 
in whose core are formed reflecting surfaces, which 
optical fibre (4) is fixed in such a manner between 
the membrane (3) and the housing (1 ) that its length 
will change as the membrane (3) is deformed. 



grating (5) extends past Its attachment to the hous- 
ing (1), outside this housing (1). 

3. Optteal pressure sensor according to claim 1 or 2, 
5 characterised in that the optical fibre (4) is connect- 
ed to a light source (18) and to a spectral examina- 
tion unit (l 9). 

4. Optical pressure sensor according to any of the pre- 
10 ceding claims, characterised in that the housing (1 ) 

is connected to a pressure chamber (2) which 
opens into the membrane (3) on the outside of the 
housing (1 ). and in that the optical fibre (4) with the 
Bragg grating (5) in the housing (1), at an equal 
IS pressure In the pressure chamber (2) and in the 
housing (1), Is prestressed. 

5. Optical pressure sensor according to any of claims 
1 to 3, characterised in that the housing (1 ) is closed 

20 pressure-tight and forms a pressure chamber (2). 

6. Optk:al pressure sensor according to any of the pre- 
ceding claims, characterised in that the optical fibre 
(4) is fixed to the membrane (3) and to the housing 

25 (1) by means of bushes (13 and 14) in which the 
fibre (4) is glued. 

7. Optical pressure sensor according to any of the pre- 
ceding claims, characterised in that the optical fibre 

30 (4) with the Bragg grating (5) contains a second 
Bragg grating (27) with another spectral reflection 
pattem for measuring the temperature, or in that it 
is coupled in series to a second optical fibre with a 
Bragg grating having another spectral reflection 
35 pattem for measuring the temperature. 

8. Optical pressure sensor according to claim 7, char- 
acterised in that the second Bragg grating (27) is 
found in a part of the glass fibre (4) which is loose 

40 and thus not under tension. 

9. Optical pressure sensor according to claim 8, char- 
acterised in that the second Bragg grating (27) is 
situated outside the housing (1), for example in an 

45 open extension (26) thereof. 

10. Pressure measuring device provided with a pres- 
sure sensor according to any of the preceding 
claims, which contains, apart from said pressure 

so sensor, a light source (18) and a spectral examina- 
tion unit (1 9) which are both connected to the optical 
fibre (4) of the pressure sensor by means of optical 
fibres (16 and 17). 
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2. Optical pressure sensor according to claim 1 , char- 
acterised in that the optical fibre (4) with a Bragg 
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